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CHOOSING AL WATZRWORKS PUMPING ENGINI.

Introduction.,

To cover thoroughly the many developments, problems,
theories,and viewpolnts which have taken Torm since machine
ery was first used to supply man with water would be an im~
practical asnd unending task. To even go into the question
of modern pumping englnes thoroughly would be beyond the
reach of this thesis. To make this paper of some value to
those who want something more concrete on this subject it
will begin with a general history of the deﬁelopment of
pumps and pumping and narrow down as it progresses to the
definite problem of Evanston's waterworks. After the
chronological history of pumps and pumplng, the subject
will be handled more from a commercial basis than a
theoretical one., The design of the pump is intentionally
omitted in favor of the problems of operation, choice of
units and costs. The definite problem of this thesis is the
weighing of the factors governing the choice of units @y a
cost analysis of the new pump purchased by Evenston) to
justify or disagree with the decision to inst2ll a recipro-

cating engine instead of a centrifugal pump.
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History of Pumps.

Very early in the development of .the civilizsation
 @£ man the use of water became sufficiently great to
| eause man to devise ways of getting it from low places
to hiéher places”more conveniently than by carrying it.
 The first large use of water was for irrigation of
;,pasture lands long before the Christian era, For this
pﬁrpose the Shadoof was used in Egypte. The Shadoof,
whiéh resembles a well?sweep, is simple in form, being
nothing more than a balanced lever arm with & bucket on
x_‘one»end whieh_céald,be raised when filled and emptied at
a higﬁer level. To get sufficient elevation to the water,
it was sometimes necessa:y to use Shadoofs in series each
eievating the water part 6f.the distance.

.In China the Norias was used. This form of machinev
resembled an undershot water wheel made of bamboo poles.
' The blades were made of grass matting. As the water in
Which these were placed was a river and had motion the
wheel revolved with it. Attached to each blade was a
‘smail bucket which filled as it hit the water and emptied
as it got part way to the top of the wheel. The 1ift was
usually smalllin this case alsoc, but no series arréngement
could be used because the motive power was the stream. IEx-
perimehts‘on these machines show that two men operating the
Shadoof could raise 57,600 cubic feet of water a distance
of one foot iﬁ fen hours., With the average Noria about

70,000 gailons could be pumped per twenty-four hourss. There
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are modern dsvelopments of the Noria which are used with fair
success on irrigation work today, Another form cf Noria is the
ancient Persian wheel which was made of a series of pitchers
roped to & wheel which, ia passing them through a well or pond,
filled them a2nd then raised and emptied theme This machine

was generally operated by oxen which were made to turn a ver-
tical axis crudely gearea to the axlg of the wheel.

There were other modifications of these machines and
further developments of lesser importance until more wes
learned of the forces of nature which could be applied to
raising water.

It was discovered that air, when heated, enlarged in
volume and, when cooled, again contracted. This phenomenon
was used by several early inventors tc manipulate small
pumps of no practical value except as stepping stones to
further development, One of these inventions known as a
Fountain operated as follows:

The sun's rays warmed the

Sece ¢5421§79/‘}42/‘

,z;/9é75999257//3€37cr sphere A, coutaining air and
Sove ;4Lr-<24%:/2y6 water. The expanding air forced
62/!:/6544nz22bb7- some water through the syphon B,
which returned it to the box D
by way of the funnel at C, When
the sphere cooled again and the air contracted the water

is again pulled into the sphere by way of the pipe E. This

pump was described by Hero of Alexandris about 100 years B,C.



Giovannl Baptista della Porta in 1601 suggested using
steam in the fountain to produce the force instead of the
heating of air. When the water was all discharged it was
proposed to create the suction to fill it again by condsns-
ing the steam.

In 1630 the king of England granted patents to a
David Ramseye to "raise water from low pitts by fire,”
and to "raise water from low places, and mynes, and coal
pritts, by a new waie never yet in use." Greene says there
is no record of Ramseye's deviges but this indicates possibly
the first successful use of heat for raising water.

At the same time water power and animal power were
being developed, the most notable instance being the
London Bridge Water Works of 1581 where & Dutchman, Peter
Morrys, raised water high enough to supply the upper parts
of London. His pump was driven by water power of the
Thames River, and wes really a marvel of success consider-
ing the experience of that day.

Captain Agostino Ramelli, an Italian engineer, pub-
1ished a book in 1588 describing his inventions and pumps.
His work is noteworthy as it shows thet in his inventions
he made application of the crank and connecting rod to get
reciprocating motion. He also invented one of the first
rotary pumps. This pump was an ingenuous gear arrangement

but was of 1little real value,

From 1650 to 1700 seversl improvements were made in

4o
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££§5 deSign and theories of pumps and pumping.
k_ ;'it'abpéars-that during this time a fair knowledge of
 ﬁﬁéfpressure énd volume of saturated steam was common. AlSso
‘thé plungef or pistonftype of pump was brought outs Develop-
'fﬁehf included improvément1in the city waterworks, invention
5? the-firé engine, and improvementé in mine pumps. Among
Agtﬁe mdfe famoué:pﬁmpihg engineers of this period are Bavery,
invéntor of mine:pumps, and Papin, who proposed a plunger
type pump.With different sized steam and water piston to obe
.viatg‘the neeessity of ﬁaving steam pressure equal to the
watef préSSuré;

: _“In 1705 Thomas Newcomen first employed the different
sized piston in his famous atmospherie engine.

Ihe engine ag shown 1nrthe figure {s operated as follows.

Steam was genérated at about atmospheric preSSﬁre in the tank A,
-As the plston in B was drawn ﬁp by the unbalanced beam E the
watér‘plunger C was lowered and steam from A was drawn by
suction into the piston chamber B. Vhen, at the end of the
Vstrﬁke, the chamber B was full of steam and the water chamber
full of watér, a jet of watgr was sprayed into B which con-
densed the steam and created o partial vacuum in the chamber.
The force of atmospheric pressure on %the other side of the
steam piston then returned the piston to the start-
ing point‘aﬁd raised the water in d. This engine was

tthe most efficient produced up to this time and its 1ift
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was limited only by the strength of the materials used in
it. Newcomem had many failures in his work because of his
lack of mathematical kaowledge, but his engines were successs
fully used by Smeaton and operated under lifts as great as
162 feet,
The next developments were made by James Watt
(1736<1819) who contributed ideas and inventions which not
only improved the machines of that day but have been the basis
of practically all modern improvements of the steam engine.
After Watt had studied the work of his predecessors he
made quantitative experiments which showed many errors in the
design of the pumps of that day. He discovered the loss due %o
radiation of heat and remedied 1t by Jacketing his vessels with
steam and by using non-conducting materials as lagging. He saw
that when steam was admitted to such engines as Newcomen's that
the walls of the cylinders had to be hested only to be ©00led

later by the condeusation process. His experiments showed him

the immense loss of heat in this process and he devised the in-
dependent condenser. To operate his coadensers successfully,
he devised condensate and alr pumps. Watt also was the first
to emﬁloy the expansive power of steam which is the basis of

all modern engines except those of smell steam consumption

such as boiler feed pumps.

In sddition to the above inventions, Watt either in-

vented or materially lmproved the following machinese.

1. Bngine governors.
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2« B3leam indicator diagrams.
5+ Rotary engines.

4, Mercury and water gsuges.
5., Double acting engines.

To gauge his machine Watt introduced =s.d used the term
"horsepower" as 1t is used todaye. This term, together with the
term "duty™ already 1n use at that time, gave means of comparing
pumping enéines, Duty is defined as the number of foot pounds
of useful work done by a definite supply of fuel or power such
as one thousand pouads of dry steam.

The next improvement in pumpiang englnes came about 1798
when the Cornish pump was brought out by William Bull and
Richard Trevithiche This pump had 511 of Watt's economies and
was much simpler., This pump was in use for a longer period
than any other.

Po compare the duties of the most famcus early pumpiag
engines, logether with the dates of their operatioa, gives a

clear idea of théir developmeat.

Date Pump Duty
1769 Newcomen 5,500,000
1778-1815 Watt 20,000,000
1820 Cornish £8,000,000
1850 Cornish 60,000,009

In the year 1830 the centrifugal pump was successfully
operated in New York by a Mr. McCarthy. This was not a new
form of pump but this demoustraticn was among the first

successful uses of it. Its theory aand desizgn nad advanced



since about 1680. Robtary pumps of various designs were built
but the difficulties encountered in keeping their pistons tight
kept them from very widespread use. The hydraulic ram was in-
vented about 1770. Development of the original ram was made by
Whitehurst of ZEngland., Moantgolfier in 1796 designed a ram
which 1s very similar to those used at present. The ram, of
course, is not = heat engine.

The history of the modern forms of pumps begins in the
year 1840 when Henry R. Worthiangton begsn his series of dev-
elopments. He began by inventing a2 boiler feed pump for a cz=nal
boat. He improved the valve mechanisms of the pumps 1In a very
marked degree from spring thrown valves to the balanced valvss
of modern engines and the use of the duplex pump with its
simplicity of valves. From this point development in watasrworks
pumps has been rapid and steady. The main tyves which have
come tc the front in present design are the reciprocating and
centrifugal pumps. In the reciproecating class are the two
main divisions of horizontal cross-compound =und verticsl triple
expansion englines. The duties have increased until in a recent
installation of a vertical triple-expansion unit in Cleveland,
6hio a duty of 211,000,000 ft. 1lbs. of work per 1000 pounds of
steam was reached, with a thermal efficisncy of 24.3 per ceut.

Bvanston's Vater Supprly.

During the summer of 1922, the extremely hct weather

caused the use of so much water that the peak lo=ds on the
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waterworkd were pushed up to new high values. At that time,
the equipment of the Zvanston waterworks consisted of two
horizontal cross-compound reciprocating pumps and one cent-
rifugal pump. The capacities of the two reciprocating uanits
are 12 and 5 million gallons per day and the centrifugal

unit pumps 10 million gallons per dsy. The two reciprocating
pumps were made by the Holly Manufacturing Company of Lockport,
N. Y, and the cantrifugal by the De Laval Steam Turbine Com-
bany.

The combined rate of pumping is then 27 million gallons per
days. However, no station ever operates all its units at one time,
i.e. 8ome of the units ares kept in reserve as standby units in
case of breakdown. The normal summer rate of pumpiag is from
15 to 17 lM.Ge.D. during the peak loads. Usiag the 12 N.G.D. and
the 5 M.G.D. comblined the 17 L.G.D. loads can be met. With the
10 M.GeD. and the 5 M.G.D. the 15 M.CG.De lo0=ds coan be met. This
leaves one or the other of the large pumps for standby. However,
during 1928 the peak loads ran as high as 19 M.G.D. If, undsr such
loads as these, one of the large pumps were shut down for any
reason at all the remaining pumps would Fall short of carrying
the load and there would be a2 shortage of water and a decided
reduction in the pressure of what water was punped if any
préssure at 211 was maintalised. In this connection it must be
remembered that the waterworks pumps directly into the mains
and that there is no storege to f21l1 back on.

To meet this condition, then, it became obvious that
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more capacity was required to insure constant water supply under
all loads., 1t then became the vroblem of the .sterworks Committee
of Zvanston to meet the situation. Téking into considsration the
growth of the city of Zvanston and the village of wilmette, which
are both supplied by the Evaanston waterworks, and predicting the
'future demand it was found advisable to plan on installing & wunit
of sufficient size to carry the =ntire present load and allow for
expansion. This decision was made partially on the realization
that the two reclprocating units now installed are over 30 years
0ld and can not be considered as future security. The 12 M.G.D.
punp appears at present, however, td be good for some years to
come but the 5 M.G.D. pump can not be rebored agsain. Hence itsg
service for the future is limited. The decision called for an

18 M.GeD. pump to be installad, The next problem became that

of picking the best unit for the work it was intended to do.

Choosing the Unit.

Choosing the correct equipment in the way of the
pumping unit is by no means as easy a Jjob as it sounds.
Most waterworks are now municlpally owned aad opersted.
This meauns that it is the taxpayers' money that goes to
pay for equipments The return frow the sale of water in
Bvanston is not used to provide for expenditures. Hsnce
the city voted o bond issue to cover the cost of the znew
unit.

A great pumber of facvors enter into the question ¢
cholce of the unit. Some of these faclors uway bs rolduced

to & mouney basis such that various typres of pumps mcy be



compared readily. It is actually the cost in dollars snd
cents which 1s or should be the criterion in s case of this
kind. Taking up the problem after the capacity hes been
decided upon let us look st the other factors.

There are four types of pump which could meet the
18 MiG.D. capacity required by BEvanston. They are (1) the
vertical triple expansion engine; (2) the horizontal crose-
compound engine; (3) the motor driven centrifugal pump;

(4) the steam turbine dfiven centrifugal pump. Two of these
types can be immediately eliminatsd. The vertical triple-
expansion engine has far too high a first cost to be consider-
ed except 1n cases where the particular advantaze of this type
(high duty and high thermal efficiency) are especially demanded.
The motor driven centrifugal pump necessitates purchase of power
for iﬁs operation which would result in prohibitive cost when a
steam plant is already installed. The two remaianlug types

(the cross-compound reciprocating unit and the steam turbine
driven centrifugal unit) are the ones between which the

choice had to be made.

With 2 station already built, as at Bvanston, the first
guestion that arises 1s that of the space required for each
type. Investigation of this poiat shows that the reciprocating
unit requilres 2 space of 44‘ x 197 ex¢lusive of passage ways

aQt

around it; whereas the centrifugal uuit reguaires 3' x 187
exclusive of aisle space. This factor is important whan spacse
is limited and must be conservad for future use. 2t Ivaaston

there is room for either type.



Next the question of weights of the units enters when
it is seen that concrete foundations have to be constructed
properly to install the pumps. An 18 M.G.D. reciprocating
unit will weigh in the neighborhood of 217 tons and will re-
quire & massive structure of conecrete to hold it perfectly
rigid under the reciprocating motion of the heavy pistons.
The same capacity centrifugal pumps could almost be set on
any concrete floor and would operate smoothly. The actuzl
foundation structure constructed for it is small in propor-
tion to that of the other type. The guestion of the enormous
weight of the cross-compound unit brings in ths further
question of the strength of the building in which it is to
be placed. Any alterations such as braocings, shoring, etc.
needed to ianstall this unit must de charged Lo its cost. It
would be seldeom that 2lterations would havs to be made for
the centrifugel type.

The initial costs of the two types can be readily
compared. The reciprocating vnit can be installsd for
approximately $75,000 against an initial cost of $30,000
for the centrifugal unit completely installed, In each
case the condensing equipment is included, but the founda-
tions had to be furnished by the city.

In the matter of duty the reciprcecating pump excsls
the centrifugal. At capacity rating the engine will deliver
148 million foot 1bs. per 1000 pounds dry steam sgainst
approximately ééZ?million for the turhiune., This 1s a very

decided advantage in favor of the engine when operating costs

12,
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aréﬁgonsidered. Whether the saving per year in operation

Of the eﬁgine would more than offset the disadvantage of first
'GOSt1dpring ﬁhe life of the units is 2 matter of computation
Vand‘ﬁill be diSbussed in detail later. This increassd duty
bringé‘in anpther‘factor which must be given some weight, In-
creased duty'me&ns less expense for coal and less moaney tied
up in qoai, frhis saeving should bs capitalized in favor of
}t@glreeiprocating unit, From a purely ethical standpoint,
"fhe.rééiprocétihg'engine is - to be preferred to the centrifugal,
fwheh.tﬁe conservation,of coal is considered. Less coal used
in oﬁerétion means mofe left for the future. This question is

_'generaliy oversbaﬁowed‘by the more definite factors, but it is

| - worthy of consideration to those who:-have the future welfars

of the country at‘heaitg
“The load on a pumping station varies within wide limits,

from low points in the early morning to high peaks in the summer,
‘when hot and dry.ﬁeather is conducive to spriankling of lawns.
The‘pump chosen éhould meet these conditions easily and econo-
mically if possible. Either type of pump seems to be flaxible
in regard to taking various loads, but the drop in duty is =
great deal less as the load falls off on the reciprocating
unit‘than it is on the ceuntrifugnl unit. A study ¢f the effi-
ciency curves on the following page will illustrate this poilat,
This again favors the operation costs of the reciproeating
uniti .

. With the capacity chosen as it is for future growth the
question of overload is nct of great inportaace. It 1s c¢loimed,

however, that the engine can carry overloads more s2fely then
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cen the turbine. This is due to the fact thet the esngine can
be speeded up without much danger to its beariags; wheress the
high speed turbine endangers its beariag by further incrsasing
the heat of friction at the high speeds,

When the length of 1ife of the two types of units is
“taken into account the =advantage is again on the side of the
reciprocating uait. This is for two reasons. The reciprocetiag
unit is a8 low speed machiae and the wear and tear on its mechan-
ism is practically a minimum. The bearings are often good for
the entire 1ife of the unit without replacement. The centrifugal
pump with its normal high spsed subjects its blades 2ad mechan-
lsm to great stress and wear and its bearlangs to high heats
due to friction. Centrifugal pumps have decidedly more bvearing
trouble than do the reciprocating units. Further, the develop-
meunt of the reciprocating puwmps has advanced to a much farthsr
degree than the centrifugal pumps. This means thaet the ob-
golescence factor igs much less with the engine, To compare
these pumps 1n terms of years of 1life, it is fair to sallow
the reciprocating unit 30 year's 1life against 20 years for the
turbine. In each case notabls installations have far surpassed
these limits but the general case 1s as above given.

The low speed of the engine as agalust the high speed
of the turbine gives the engine a further advantaze of greater
reliability. This factor 1is véry hard to reduce t¢c 2 monetary
value, but is of decided importance when a city 1s beiang

supplied from but one source. Lhe amount of time required for

n

repairs, ths frequency of ueed for rspairs, availnvlility of



spare parts, and svailability of labor for repairs must be care-
fully considered in choosing the unit. It coa be said for the
reciirocating unit that its bearing trouble is decidedly less
thaen that of its competitor, but on the other hand the engine
requires more time out for packing., The time required for re-
paire is a dead loss to the operators even if the service being
rendered is not impsired.

The reciprocating engine because of its glze and com=-
plication of mechanism requires more general care and attend-
ance than the centrifugal. However, the city of Evenston
already employs encugh men in operation of its pwaping station
to take care of the new unit selscted.

A factor eﬁtirely in favor of the centrifugal pump 1s
the fact that if any accident occurred in the mains which
orevented more water from being pumped into them the impeller
of the centrifugal would merely churn the water in its case
and cause no damage. wsuch an accident occurring with & re-
ciprocating unit pumping into the mains wouald cause 2 high
head of pressure to be developed 1n the water cyliader
great enough to burst the head or walls of it and cause
damage. This danger is, howsver, rather remcte 2ad should
not sway the decislon. Rather that soms provicion be msde

to avoid the occurrence if the engine 1g iastsalled.
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There ls one more coinzdideration in the guesti
ig next to impossible to reckon in moumey value, It is the
satisfaction of the overating enginsers who are to onsrate

the unit, Men do their best work when they ars lnterestad



and satisfied. If engineers are forced to work on a unit
which they do not like the result will be evident in less
efficient operation or discontent. It 15 z2lways possible,
but many times far from feasible, to change ths sngineers.
It may be wiser in many cases to spend some extra mouney %o
produce satisfaction aud trust thaet the satisfaction will
show in better operatiow, which will in turn vroduce lower
operating costs and overcome the ianitisl handicap.

The weight that should be given to the factors in
proportion to each other is determined by the conditioas
to be met and the viewpoints of those msking the decisious.
In the case of the city of Zvanston the laterworks Committee,
after consuliing pump maanufacturers and engineers saw f£it to
purchase from the. Allis~Chalmers Manufescturing Cowpany of
Miilwaukee, Wisconsin, an 18 M.G.D. cross-coumpound, condensing,
high duty, crank and flywheel reciprocating pump. With this
choice made and the pump purchased the problem of this thesis,
ag stated in the introduction, may be bsgun.

The 2ump and Its Costse.

Before attacking the costs of the pump and its
operation, the description cf vhe pump should be given.
Following are the data on the unit as obtained from the
confraot between the ciiy of Zvanston and the Allis~Chalmers
Company.

Soecifications

Capaclty normal . . + « o « o o o « =+ « + o o o o o 18 M.G.D.
Minimum capacity undser gOVeranor « « o o« o o o + o o 7 MeGaeDe

Total head NOrmal « « o o s o o o ¢ o s o o o « o «140 feet



Specifications (Continued)

Steam Pressure throttle .

Vacuum not less than . .

R. Ps Me (at rating) . .

Plunger speed e o o o o

- L L - L ] L] .

- . - L] - -

. . - L L] . -

[ ] * L ] *» L ] L] L]

High pressure cylinder diameter . « «

Low " "
Pump plungers diameter .
Stroke o+ o o« o o o o o o
Main Journals « « o o o 4
Crank Ping .+ « o o o o
Crosshead pinsS + o« o o @
Blywhesal o+ o« ¢ ¢ ¢ o o
Shaft diameter in wheel

Number of valve cages for
and discharge

Number of valves per cage
Diameter pump valves . .
Lift of pump valves < o

Pump valve area each deck

"

fit . L] e L4 * -

each suction
deck.

L . - - L * L]

Cooling surface of condeuser . « s o

Valve area in percent plunger area . »

Velocity

of water through puwp valves .

at rating.

Air pump attached double

Diameter suction nozzls .

Diasméter discharge nozzle

L - ® - L) L] -

[ ] L] o -* L . L]

- * » L] . L L)

160
27

a8

42

diasmeter x

w

"

diameter -

15
7

21
3

1lbs. prer sqge.

EBg.

in.

ft. per min.

in.
in.
/8 in.
in,.

26 in. long

X 7 " "

s

< 8_3?_:_ (1313 "
5500 1bs.

ine

5/8 in.

9/15 in.

775
800
167

£.58 ft.

17

SQe in.

sq. ft.

per sec.

in. © 14 in,

11,

ine.

in.

17.

(referred to 30 in.barometer)



Specifications (Continued)

High pressure piston rod diameter . « « « o o« + « « 4 3/8 in.
Low pressure " " " e o o s ¢ o o o « 6 in.
Plunger " " " c + o s ¢ o s o e« 43/4 in,
Steam connection " e o o« v ¢ o o o o b in.
Exhaust connection " c + o » o & s & o 16 in,

Weight of the WAit « s o o « o o o « o o o o « o » 435,000 1bs.
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Pumping Engine Contract Data.

The pumping unit proper is being paid for in a bond issue of
$75,000 bearing interest at four and one half percent per aanui.

The alterations on the present punmping station which were made
to correctly install the new unit cost very close to §40,000,.

Cost of the pumping unit (amount paid A-C Co.) $74,200.00.

The contract required that the A~C Co. furnish, deliver and erect
the new uuit in the present statioan.

The pump was guaranteed to be ready for delivery 6 months after
the contract was signed, and to be installed and operating with-
in 3 months after the shipment had been made,

Duties Guarsnteed for the Pump.

147 million foot-pounds of work per 1000 lbs. dry steam 2t 100% l=md
143 " " " " " " " 1" " " " 753 "
138 " " " 1" n " 1 T " " " 50% "

Measurements of the water pumved were made on plunger displacements.
Foundations for the unit wereerected by the city of Evanston.

Accessorlies iacluded in the purchase,
hand operated throttle valve, balanced type with by-pass.
steam separstor and suitable trap
receiver for steam
suction, discharge, and vacuum gages
revolution counter six figures.
wrenches
force feed lubricating system
indicator piping.

The contractor guaranteed to keep the pump in perfect condition
in regard to replacing broken or worn parts, etc. for the first
year of its operation after the installation.

The number of duty tests was not to exceed thres.

Forfeits to e made if guaranteed duty was not reached.
For 1lst million ft.1bs/1000 1bs. steom or fraction thereof less
than guarantee the contractor forfeits the sum of 1000 dollars on
the purchass price.
Por the second million or fraction thersof the forfeit is $2000

" n third " " " " " " " 5334_000
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Also before any sccuracy of operatiug costs ean be ob-
tained, it is necessary to know how many hours per vear the
pump will operate at the various efficiencies, 1.e. various
loads, To determine this point it is necessary to study the
load on the station and how it varies by the hour, day and
monthe

The Bvanston pumping station supplies the city of
Avanston and the village of Wilmette with water at a press=-
ure of 47 pounds per sq. in. in the mains. As there are no
facilities for storing water, the engines pump directly
into the mains, The load on the pumps, then, varies exactlly
as the loads on the mains,ie. as the water is drawn for use
by the consumers. The pumps are run in the station accord-
ing to the load. \then the load exceeds the capacity of the
5 MeGeDe pump one of the>15rge units is stearted and the .
small one shut downe The pumps are designed to opserate most
economically at full rating. Hence the enginesrs shift the
load from one pump to aanocther with the load to meet this
condition if possible.

To enable the operators to know at all times the
rate of pumping,each pump has & gauge which will tell at a
glance what the load ise. In the case of the reciprocating
pumps the gauge is & revolution counter, Multiplyiung the
revoluﬁions per hour by the piston displscement the rate
is determined, For the centrifugal pump the rate is rsad
directly from the Venturi meter dials., Every hour the

readings of these meters are recorded on printed forms.



‘With & year's supply of these forms it is possible to know
the rate.of pumping at any time during that year or to know
[how:much‘water was pumped in any particular interval during

the yeaf. For this problem, the records of the year 192Z were

T pbtained;

The 8760 hourly readings * were then arranged on specially
’Lconsﬁructed charts which facilitated the handling of the figurss

- to detgrmine (1) the total pumpage for each day which is also
the average rate of pumping for the same day; (2) the hourly
average for 24 hour days taken for,

(a) & winter month.

(b) & summer mouth.
(3) the number of hours during the year that the load averaged
6, 7, 8, 9, 10, etcs M.GeDs The "Curve of Daily Load Variations™"
on thé sccompanying blue prints shows graphically the variations
which oecur from day to day. It will be noticed that on all
legal holidays and Sundays the load drops from the general
average to cause a low point. These points can be checked
against a 192% calendar for verification. The reason for
these Slumps'in the load on these days 1s the lack of
commercial use of water. This a2lso shows the commercial
load to be from & half million to & millicn and a half gallons
per days The flatness of thé curve from January first almost

to June first and again after September first indicates that

* Phese charts included in original thesis only.

See end. (APPe"dix)
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tha_weathéf affects the load very little except in the general
_hot and dry weather of summer. Between June first and September
first the irregularity of the curve is very marked. Investiga-

tion of this festure shows that these irregularities are due

‘“j’*bnly'in a small paft to greater use of water for domestie pur-

ﬁbses.r"They are due to the heavy use of water for lawn sprinke
ling. Checking the pumpage against the government reports dn
temperature and rainfall, show that on hot days when there was
very little or no preéipitation the pumping load was high. On
cooler days or when there was a fair to heavy precipitation,
‘lmaking outdoor sprinkling unnecesssary, the pumping load
~assumed nearly normal size,

In considering the two curves of hourly variation
throughqut the day, the rate of pumping is found to be con=-
sistently higher in the average summer day than it is in the
winter day. The peaks, however, coincide in the two cases
showing ﬁhat-the use of the water, although generally greater
in £he'summer, follows the same curve as the winter load. The
lightest loads occur from midnight to six A.M. after which the
pumpage rises to the highest peak of the day. From the heavy
peak the load falls off uantil noon, when it again rises a
little only to start a further decline lasting until 10 or
11 P.M. Here the load 1s again sustained for about an hour.
Phis is probably due to the use of water at bed time.

. Considering these curves with regard to the minimum
capacity of the unit {six million gallons per day) it is

shown that during the summer the unit can be operatzsd for a
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daily‘peribd of nearly sixteen hours. For the average winter
"day this period would be cut to about thirteen or fourteen
hours. In either case this period would be enough to Justify
its operation when the high duty of the engine is considered.

These curves give o Bir idesa of the operation of the
unit. To get definite time of operation to compute costs of
operation by, 1t is necessary to count the hours (on the
chart of hourly readings) that the engine opsesrated at the
rates of 6, 7, 8, 9, etec. M.G.D. respectively. A count of
the hours gave the figures below.

Hours of QOperation at Various Loads,.

: Rate of : Hours per year
: pumping . : 1922 at rate.
5,000,000 G.D. 1145 Hours
7,000,000 " 1653 "
8,000,000 1452 "
9,000,000 " 1007 "
10,000,000 " 448 "
11,000,000 ™ 182 i
12,000,000 " 108 "
12,000,000 " 2 "

If these figures are assumed to be a fair representa-
tive value for a year, it is possible to determine the cost
of coal per year. If the rate in million gallons per day is
divided by twenty-four the rate of pumping is found in
gallons per hour. Dividing this result by 7.481 (the number
of g=llons in a cubic foot) gives the numter of cubiec feet
of water pumbed per hour., As esach cuklic Foot of water
weighs 62,5 pounds, the total weight of water pumped per
hour is readily found. The pumps operate agaiust 2 press-

ure of 47 pouads in the water meins of the citye. This
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pressure is equivalent to pumping 2gsinst = heaqéé%_ = 108€eat
approximstely,

If the weight of water is nmultiplied by the hesd pumped
agalnst, the answer will be the number of foct~pounds of work
that the pump does in an hour when pumping at s certain rats.
Multiplying this result by the hours per year that the pump
operates at this rate gives the foot-pounds of work done ver
year when pumping at this rate. Dividing by the duty =t the
same rate (the number of foot-pouads of work per 1000 pounds
dry steam) gives the number of thousands of pounds of gteam
required to produce this work. If the cost per 1000 pounds
of steam is known, the cost of the work of pumping,le. the
coal which produces the steam which dces the work, is
readily found.

Incorporating the sbove in a formula the cost con
be determined for all rates by 2 substitution ¢f but three
quantities with a corstant fcr the solutica.

Cost = 47 % 62,5 x rate x hours ¥ we 372
I7Z4 X 54 = duty = 7.451

= K rate x hours
duty

Hours = hours of operation at rate used.
Duty = duty at rate used (scs tablej.

$e372 = 7.2 ceats = cost per 1000 pounds stesm.
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Rate : Million ft. 1bs. per 1000 1bs. steam .
VMeGeDa: Reclprocating Centrifugal :
: Unit, unit. :
6 174,00 04,0
7 o5 .26 71.6
8 136.75 79 .0
9 138 .00 85.0
10 139,25 92.0
11 140.50 97.0
12 141,60 1C02.5
13 142 .50 107.0
14 143,60 111.0
15 144,80 114.0
16 145,50 117.0
17 145,40 119,0
1R 148.00 120,0

The results of the computation for the Avanston
station loads as applied to the reciproeating sugine
and the centrifugnl pump are as shown bslow as costs

of co2l for each.

: Cost of Cosl :
late ¢ Reciprocating Centrifugal:
MeGaDa: Unlt. Unit

6 $ 719.80 $1505.55
7 1127.18 2139.20
38 1191.08 20¥7@.80
9 921.00 1477.85
10 451.70 683.39
11 199.66 289 .45
12 128.44 177.31
13 2.55 3.90
Total $a741.21 $8548,76

The cost of the steam (37.2 czats psr 1000 pounds)
is taken from the results of = boiler tast mads cu the
boiler plant of the waterworks by rrofesscr He 5. rullbrlcel,
280 Thisg teet wag run ander "o con-

on November 16, 1920,

ditions of actual operation of the plaoatse Al thot btlce



coal cost $5.71 per ton. Coal is s little cheaper then that
now but the Tigures given above are taken from actual obssrva-
tion and used in preference to any assumed values. No mors
recent values are available. The evaporation at that time
was 7.69 pounds of water per pound of 11,3232 B.t,u. coal,.
The next item of charge to be made against the units
is the allowance made for depreciation. Remembering that
the lives of the reciprocating pump and the centrifugal
‘pumps are 30 and 20 years respectively, it is necessary
during this period to plan for the payment of the bonds
which were so0ld to pay for the pump. In 30 years, then,
the reciprocating unit must produce a fund of $119,200.
This figure is the original cost of $74,200 plus $45,000
which was spent in foundations for the pump and the building.
It may not be quite correct in all cases %o charge the cost
of increased foundations of the building to the pump but in
this case this exbense was solely for the unit purchased and
will probably be worthless after the pump is abandoned, The
building now housing the pumps will probably be obsolete by
the time the present iastallations are abandoned. This
cost 1s charged, the, té the reciprocating unit;, The
centrifugal unit requires no excess foundations, merely the
base on which it rests. During the 20 years of its life a
fund of $40,000 would be necessary. Such funds can be
accumulated in a sinking fund to offset this depreciation.
Bach year during the 1life of the unit & certain

amount is put aside at compound interest. It is safe to

g
[0}
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assume that this money will pay a return of 4% per cent of
interest. Then the annuity to provide this sinking fund
can be computgd from the equation and tables of annuitiese.
To provide a sinking fund of $119,200 in 30 years, when the
interest is compounded at 4% per cent, requires a yearly
charge against the reciprocating pump of $1953.84., In a sim-
ilar manner, it requires a chargs of $1275.05 per year to
provide, a sinking fund of $40,000 in the 20 years life of
the centrifugal pumpe.

In addition to the depreciation charge, there must
be a charge to pay the interest on the investment, i.e. the
interest on the bonds sold to pay for the unit. The bonds
are placed on the public market by some bonding house. The
rate of interest paid to the bondholders is 4% per cent, but
to this rate of interest must be added some further intsrest
éollected by the bond house for the sale of the bonds. To
cover both the interest to the holder and to the seller
there must be a yearly charge against the pump. It is
sssumed that this rate of charge will be 5 per cent of the
total investment in each case. To the reciprocating unit,
then, will be charged a yearly sum of $5960. To the centri-
fugal unit the yearly sum of #2000 will be charged.

As before stated, the present amount of labor em-
ployed at the pumping station, while not more than necessary
to run the present installation, is still enough to operate

the new installation without further employment. No charge



is placed againét either pump, then, for this item.

The charge for oil, waste, supplies and maintenance
of the units is quoted from the figures submitted by the
Allis~Chalmers Manufacturing Company. These items when.
applied to the reciprocating pump produce =a vyearly charge
of $800 as against a charge of $400 for the centrifugal
unitse.

The last item of charge to the yearly costs is that
of insurance. The rate per thousaad dollars of insurance
depends on the type of building in which the pumps ars
installed, The walls aund floors of the section in which
the new uanit is installed are of concrete, but the roof
over the entire station, as well 25 the floor of the o0ld
engine room, are of wood. The window and door frames,
sash, and doors are also of wood. These wooden features
increase the fire hazard and the rate for insurance on
the coutents of such a coustruction is increased. The
contents of the pumping station could be lasured sgainst
fire in the present building for approximately 5.00 per
$1000 of insurence. Thls rate means = chorge of {592 per
year on the reciproestiung unit and 320 per year ou the
centrifugal unit, If the buildiug were remcdelled to in-

for iasurance

0

crease its fire reaisting qualitics ths reate
on its coantents could he agproximataly halved., I[he saving

erae of the

i

on the yearly premiam would pay 2 good

intsrest on the monsy needed tc remodel.

28 e
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The saving on the iunsurance is not the whols story of
the fire danger, however. 4 Tire cccurring in Ev=aston!
pumping station would not have to be very seriocus to cause
the wooden roof to fall in on the pumps. Lven the small
amount of wecod in the roof, if placed 25 a boafire on the
engines, would so warp them snd expand them that it is
doubtful if they could be agsain ploced in commission.
Mesnwhile, the clty of Lvanston and the village of Wilmette
would be cut off from water supply for this station is ths
only source of water for these towas, It i1s beyoad »re-
diction what would occur in such a case,

To compile the yearly costs in order to compare in
definite figures the pump installed and the pump which was
rejected the figures are incorporated in the table below.

Yearly Operating Costis.
zec 1ncocat1Q% Unit - Centrifagsl Unit
Cost of coal . « « ¢ o & WETLL .0 L2048, T6
Intsrest on iavestment . 5960.00 2000.00
Annuity for depreciation 1953.84 1275,05
Maintenance, oll, waste 800.00 40C,00
suppliss .
IIlS!J_I‘a’—J,ﬁl ce o » . B - ™ Y 592.00 QEJOQOO
Total yearly cost . . $14047.05 $15243.91

On a stricltly cost basls the centrifugal pump has 2n
advantage of $1,703.24 over the reciprocatiang unit. Aigsinst
this advantage can he sot some feclors ia Favor of the re-
ciproeating pump which can not be reduceld readily, 1f at all,

19,
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to a monstary basiz. These coan be weighed for whe ey are

worth to those who have aay opialon in the matter. dhey are



as follows.
1. The reciprocating unit is gensrally conceded to
be more reliable than the ceatrifugal unlt.
2+ The reciprocating pump will weet the Ffavor of
the pressnt staff of the pumplag station.
3s The oObsolescence factor of the eagine is a
great deal less than that of the centrifugal
pump .
4, The length of life, exclisive of obsolescence,
is longsr with the reoipfocating pump than with
the centrifugal pump.
Hbe The reciprocating unrit in using less coal per
year saves the city of uLvanston the luterest on
the mouaey which would have had to he iavested in
coal to keep the centrifugal unlt rumaniasge This
is a direct credit to the sngine and csn be de-
ducted from its yearly operating costs. ULhe
difference in ccal costs between the two units

r cent) on

&

is $3607.55. The interest (4l p

this sum can be called the capitalization Qf

the coal saved, 2uld can be credited to the sn-

gine., Thig amouunts to $162.34.

In the opinion of the writer, these Tfacltors will wipe
out the advantage of the centrifugal pump and justify the

purchass of the reciproeating pusip.

O

There is st1ll & question in the case of this particu-
lar installation which csnnot h2 solved in this parer from
lack of bime. It may be possibls that the iunstallntion cf

two smaller centrifugal pumps which would ueet lhe dsaznd for



capacity, might operats with a duty high snough to cnt the
operating costs sufficiently to give an advantage to such
an installation. This phase of the problem wasg omitted be-
cause 1t 4id not appear in tas sstimastes furnished by the
companies bidding on the installation, It is obvious, how-
ever, that thers is 2 question when the dutiss of the two
large capacities ars compared with regard to the present
load.
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